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(54) Method for charging battery 

(57) A method for charging a lead battery is provid- 
ed. In the method, a SOC is controlled so as to be less 
than 100%, and when the lead battery has not been 
charged and discharged for a predetermined time, re- 
fresh charge is performed so that the SOC becomes at 
least 90% or more. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . FIELD OF THE INVENTION: 

[0001] The present invention relates to a method for charging a battery, and more particularly to a charging method 
suited for a lead battery carried aboard a vehicle and used for the purpose of starting an engine, turning on a lamp, 
operating an air conditioner, and the like. 
10 [0002] The present invention also relates to a method for determining the life of a battery, and more particularly to 
a life determination method suited for an on-board lead battery used for the purpose of starting an engine, turning on 
a lamp, operating an air conditioner, and the like. 

[0003] The present invention also relates to a method for detecting the state of charge of a lead battery and a method 
for determining the degradation of a lead battery using the detection method, and more particularly to a state-of-charge 
15 detection method and a degradation determination method using the detection method, suited for an on-board lead 
battery used for the purpose of starting an engine, turning on a lamp, operating an air conditioner, and the like. 

2. DESCRIPTION OF THE RELATED ART: 

20 [0004] Batteries such as a lead battery carried aboard a vehicle are used for the purpose of starting an engine, 
turning on a lamp, and the like. In driving, the batteries are subjected to constant-voltage charge with a predetermined 
voltage so that the batteries are charged to about 1 00% or more of full charge. The state of charge of the batteries are 
hereinafter referred to as SOC. The term "SOC" may also refer to a charging rate. 

[0005] Recently, in order to improve the fuel efficiency of vehicles, a system for charging regenerative power in 
25 deceleration into a battery, and such a system further operating an air conditioner or the like, which is conventionally 
energized by the driving force of an engine, using a lead battery, have been proposed. 

[0006] In order to perform such regenerative charge, a battery needs to, be in a SOC in which the battery is kept 
partially charged, i.e., less than 100% of full charge. 

[0007] In a lead battery, when charge and discharge are performed at a low level of SOC, degradation is likely to 
so proceed. The degradation Is particularly significant when the SOC Is low, specifically when charge and discharge are 
continuously repeated where the SOC is about 50% or less. In this case, at a positive pole, the sulfuric acid concen- 
tration of an electrolyte solution is about 15% or less so that the corrosion rate of a positive pole grid made of lead 
alloy is rapidly increased while, at a negative pole, coarse lead sulfate is produced as a result of discharge so that the 
discharge capacity of the lead battery is dramatically reduced. 
35 [0008] Therefore, when a lead battery is charged and discharged at a low level of SOC, the level of a SOC needs 
to be about 50% or more. Further, refresh charge needs to be performed at a certain frequency or more so that the 
SOC is about 1 00%. 

[0009] The SOC of a lead battery is typically evaluated based on an open circuit voltage (OCV) of the lead battery. 

The SOC and OCV of the lead battery has substantially a constant relationship. When the SOC is decreased, the OCV 
40 is linearly decreased. When it is detected that the SOC is a predetermined value or less, the lead battery is subjected 

to refresh charge. Alternatively, the lead battery is subjected to refresh charge at predetermined time intervals. 

[0010] The degradation of a lead battery due to a reduction in a SOC is involved with the sulfuric acid concentration 

of an electrolyte solution. Specifically, when a SOC Is about 50% or less, the sulfuric acid concentration of an electrolyte 

solution is about 16% or less. In such a situation, when charge and discharge are performed, the corrosion rate of a 
45 positive pole grid made of lead alloy is rapidly increased. This may be responsible for the degradation of the lead battery. 

[0011] Therefore, a SOC needs to be measured with precision during charging. 

[0012] As described above, the SOC and OCV of a lead battery has substantially a constant relationship. When the 
SOC is decreased, the OCV is linearly decreased. By detecting the SOC in accordance with such a relationship, the 
lead battery can be controlled so that the SOC falls within an appropriate range. 

so [0013] Lead batteries for use in vehicles have been found to be degraded when regenerative charge and discharge 
are repeated using a large current density when the SOC is low. Such a degradation in performance Is not found In 
alkaline batteries such as a nickel-hydrogen battery, lithium ion secondary batteries, or the like, but is specific to lead 
batteries. Due to the performance degradation, the lead batteries are unlikely to provide stable use over a long time. 
[001 4] Further, when a lead battery Is used at a low temperature of 0°C or less, the viscosity of the electrolyte solution 

55 is rapidly increased. This leads to a reduction in a battery reaction rate, resulting in rapid decreases in a discharge 
capacity and an output voltage. 

[0015] Furthermore, when a SOC is about 50% or less, the sulfuric acid concentration of an electrolyte solution is 
lowered. The corrosion rate of a positive pole grid made of lead alloy is rapidly increased. This leads to a reduction in 



2 



EP 1 160 953 A2 

the life of a lead battery. 

[0016] When an on-board lead battery is degraded due to use, even if the battery is refresh-charged toward a SOC 
of 1 00%. the SOC is not increased up to 1 00%, i.e., the performance of the lead battery is decreased. If such a degraded 
lead battery, In which even though the battery Is refresh-charged toward a SOC of 1 00%, the SOC is not increased up 
5 to 1 00%, is further used, the lead battery will soon be dead, i.e., cannot be used. Since by how much the lead battery 
is degraded cannot be clearly detected, the lead battery may unexpectedly die. 

[0017] When an on-board lead battery is degraded due to use, the SOC cannot be increased even if the OCV is 
increased. If the water content of an electrolyte solution is decreased due to overcharge or evaporation, the sulfuric 
acid concentration of the electrolyte solution Is Increased. Since the OCV is determined by the sulfuric acid concen- 

io tration, the OCV is consequently increased. When the degradation further proceeds, coarse lead sulfate is produced 
as a result of discharge and accumulated at an active material of positive and negative poles. This hinders the SOC 
from being recovered even when the lead battery Is recharged. In this case, the sulfuric acid concentration is decreased, 
so that the OCV-SOC relationship is deviated from a predetermined condition. In such a case, even though the SOC 
Is evaluated based on the predetermined OCV-SOC relationship, the exact SOC is unlikely to be obtained. This makes 

is ft impossible to control charge with high precision so that the lead battery is in a predetermined SOC. Such a problem 
arises significantly in a lead battery in which sulfuric acid which is a solute in an electrolyte solution acts as a battery 
active material. 



20 



SUMMARY OF THE INVENTION 



[0018] According to one aspect of the present invention, a method for charging a lead battery is provided, in which 
a SOC Is controlled so as to be less than 100%, and when the lead battery has not been charged and discharged for 
a predetermined time, refresh charge is performed so that the SOC becomes at least 90% or more. 
[0019] According to another aspect of the present invention, a method for charging a lead battery is provided, in 

25 which a SOC Is controlled so as to be less than 1 00%, and every time the lead battery is charged and discharged In 
predetermined time intervals, refresh charge is performed so that the SOC becomes at least 90% or more. 
[0020] According to one aspect of the present invention, a method for charging a lead battery is provided, in which 
a SOC is controlled so as to be less than 100%, and when the SOC is lowered below a predetermined value, refresh 
charge is performed so that the SOC becomes at least 90% or more. 

30 [0021] According to another aspect of the present invention, a method for charging a lead battery is provided, in 
which a SOC is controlled so as to be less than 1 00%, and when a temperature of the lead battery is less than or equal 
to a predetermined value, refresh charge is performed so that the SOC becomes at least 90% or more. 
[0022] In one embodiment of this invention, in the refresh charge, after a charging current is lowered to a predeter- 
mined value even though the lead battery is subjected to constant-voltage charge using a predetermined control voft- 

35 age, constant-current charge is performed, or constant-voltage charge is performed using a control voltage higher the 
predetermined control voltage. 

[0023] In one embodiment of this invention, a set value of the SOC, after the refresh charge, is increased with an 
increase In a cycle of the refresh charge. 

[0024] In one embodiment of this invention, the SOC is calculated based on an OCV of the lead battery immediately 
to before the start of charge and discharge of the lead battery. 

[0025] In one embodiment of this Invention, the SOC Is calculated based on an OCV of the lead battery when charge 
and discharge are paused, or based on a discharging current and a discharging voltage. 

[0026] According to another aspect of the present Invention, a method for determining the life of a battery is provided, 
in which the battery is subjected to refresh charge, a SOC of the battery after the refresh charge is presumed to be 
45 1 00%, charge and discharge are performed, and a SOC(1 ) of the battery after the charge and discharge, the SOC ( 1 ) 
being obtained based on a quantity of charged, and a SOC(2) obtained based on a discharging voltage In discharge 
are compared with each other, and the life of the battery is determined based on a difference between the SOC{1 ) and 
the SOC(2). 

[0027] According to another aspect of the present invention, a method for determining the life of a battery is provided, 
so in which a first DC-IR value is obtained with respect to a SOC of the battery in an initial state where the battery is not 
degraded, based on charging and discharging currents and a battery voltage, and the first DC-IR value is compared 
with a second DC-IR value of the battery in the initial state obtained in advance, and the life of the battery is determined 
based on a difference between the first and second DC-IR values. 

[0028] According to another aspect of the present invention, a method for detecting a SOC of a lead battery is pro- 
55 vided, in which an OCV of the lead battery or a discharging voltage of the lead battery when a discharging current is 
less than or equal to a predetermined value is measured, and the SOC of the lead battery is detected based on a 
relationship between a predetermined OCV and the SOC or a relationship between the discharging voltage and the 
SOC, and when the SOC is calculated, a variation in the OCV or a variation in the discharging voltage and a variation 
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in the SOC are measured with respect to a predetermined time, and the relationship between the predetermined OCV 
and the SOC or the relationship between the discharging voltage and the SOC is corrected. 

[0029] In one embodiment of this invention, the variation in the SOC is obtained based on a quantity of charged and 
discharged electricity obtained by integrating charging and discharging currents in the predetermined time. 
5 [0030] According to another aspect of the present invention, a method for determining degradation of a lead battery 
using the method for detecting a SOC of a lead battery of this invention is provided, in which the degradation of the 
lead battery is determined based on a corrected relationship between an OCV of the lead battery and the SOC or a 
corrected relationship between a discharging voltage and the SOC. 

[0031] In one embodiment of this invention, a ratio of a variation in the OCV or a variation In the discharging voltage 
10 to a variation in the SOC is calculated, and the degradation of the lead battery is determined based on the ratio. 

[0032] In one embodiment of this invention, a value (K) is calculated by dividing the variation in the OCV or the 
variation in the discharging voltage by the variation in the SOC, and when the value (K) is greater than or equal to a 
predetermined value, it is determined that the lead battery is degraded. 

[0033] Thus, the invention described herein makes possible the advantages of providing: (1 ) a method for charging 
15 a lead battery in which a reduction in the performance of the lead battery is suppressed so that the lead battery can 
be stably used for a long time; (2) a method for determining the life of a battery in which the life of the battery can be 
exactly determined so that the sudden death of the battery can be avoided; (3) a method for accurately detecting the 
SOC in order to charge a lead battery with precision so that the SOC becomes a predetermined value; and (4) a method 
for determining the condition of a degraded lead battery based on the OCV of the lead battery or a relationship between 
20 a discharging voltage and the SOC. 

[0034] These and other advantages of the present invention will become apparent to those skilled in the art upon 
reading and understanding the following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0035] 

Figure 1 is a flowchart showing an exemplary method for charging a lead battery of the present invention. 

30 Figure 2 is a flowchart showing an exemplary method for charging a lead battery of the present Invention. 

Figure 3 is a graph showing a relationship between the temperature of a lead battery and the viscosity of an 
electrolyte solution or sulfuric acid. 

35 Figure 4 is a graph showing a relationship between the temperature and the discharge capacity of a lead battery. 

Figure 5 is a graph of an experimental result, showing a relationship between the capacity of a lead battery and 
the frequency of charge and discharge when the cycle of refresh charge is varied. 

40 Figure 6 is a graph showing SOC - OCV characteristics of a lead battery. 

Figure 7 is a graph showing a time required for the OCV of a lead battery to become stable after the battery is 
charged and discharged for 30 sec using a current of 50 A. 

45 Figure 8 is a graph showing a relationship between the SOC and the corrosion rate of a positive pole grid made 

of lead alloy. 

Figure 9 is a graph showing an exemplary relationship between the SOC, and discharging current and voltage or 
the OCV. 

so 

Figure 10 is a graph showing SOC-OCV characteristics of a lead battery. 

Figure 1 1 is a flowchart showing an exemplary method for determining the life of a battery according to the present 
Invention. 

55 

Figure 12 is a graph showing a relationship between the DC-IR value of a lead battery and the SOC. 

Figure 13 is a flowchart showing an exemplary charging method using a method for detecting the SOC of a lead 
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battery according to the present Invention. 

Figure 14 is a graph showing SOC-OCV characteristics of a lead battery. 

Figure 15 is a flowchart showing an exemplary method for correcting the SOC in the SOC detecting method of the 
present invention. 

Figure 16 is a graph showing variations in the SOC-OCV characteristics of a lead battery due to degradation over 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0036] Hereinafter, the present invention will be described by way of illustrative examples with reference to the ac- 
companying drawings. 

[0037] Figures 1 and 2 are flowcharts showing an exemplary method for charging a lead battery of the present 
invention. In accordance with the method of the flowcharts, the SOC of a lead battery for vehicles is kept at about 
100% due to regenerative charge in driving. 

[0038] The method for charging a lead battery of the present invention is initiated by switching ON an ignition switch 
in a vehicle. First of all, a period of time in which the lead battery is left uncharged and undischarged is checked in the 
course of charge and discharge operations (step S1 in Figure 1). Such a time period is hereinafter referred to as an 
•inactive time", and such a check operation is hereinafter referred to as an "elapsed-time check". Specifically, a period 
of time, which is measured by a timer after the engine of a vehicle Is stopped until the ignition switch Is turned ON, is 
checked. Thereafter, the temperature and the OCV of the lead battery are measured (steps S2 and S3). 
[0039] Thereafter, when the engine of the vehicle is started (step S4), it is determined whether the temperature of 
the lead battery measured in step S2 Is greater than or equal to about 0°C (step S5). When the temperature of lead 
battery is less than about 0°C t a charge control voltage is set to a high voltage of about 14 V to 1 6 V in order to cause 
the SOC to be about 100% (full charge), i.e., refresh charge is performed (step S7). 

[0040] When the temperature of the lead battery is greater than or equal to about 0°C, the inactive time obtained by 
the elapsed-time check in step S1 is reviewed (step S6). When the inactive time was two weeks or more, the SOC 
(charging rate) of the lead battery Is presumed to be low. Then, the charge control voltage is set to a high voltage of 
about 14 V to 1 6 V in order to cause the SOC to be about 1 00% (full charge), i.e., refresh charge is performed (step S7). 
[0041] In the refresh charge, the eventual SOC may not necessarily become 1 00%, i.e., full charge. The eventual 
SOC may be about 90% or more. 

[0042] When the temperature of the lead battery is less than about 0°C, the viscosity of a dilute sulfuric acid as an 
electrolyte solution is rapidly increased as indicated by a graph in Figure 3. This leads to a reduction in a battery reaction 
rate. Further, as shown in Figure 4, the discharge capacity is rapidly decreased while the output voltage is rapidly 
lowered. In such a situation, therefore, the SOC needs to be increased in order to obtain a required level of output. 
When the temperature of the lead battery is in a low temperature range of less than about 0 W C, regenerative charge 
would increase the charging voltage, so that water in the electrolyte solution is electrofyzed to generate oxygen gas 
and hydrogen gas. For this reason, the charge and discharge efficiency is lowered, and regenerative charge does not 
satisfactorily exert its effect. In the low temperature range (e.g., 0°C), even if the SOC Is low, the efficiency of regen- 
erative charge is reduced. Therefore, it is meaningless for the SOC to be controlled so as to be low in the low temper- 
ature range. Further, It Is likely that a required level of output Is not obtained if the SOC is low. Therefore, In a low 
temperature range, the SOC is controlled so as to be high more preferably than so as to be low. Therefore, to avoid 
the problem that the charge and discharge efficiency is lowered, refresh charge is performed so that the SOC becomes 
about 100%. 

[0043] When a lead battery was not charged or discharged in two weeks or more, refresh charge is required by the 
following reason. 

[0044] In a lead battery, the following chemical reactions occur at a positive pole and a negative pole thereof when 
discharging. When charging, the progression of the reaction is reversed. 



time. 



Positive pole: 



PbO a + H 2 S0 4 -> PbS0 4 + H z O + 1/20 2 



Negative pole: 
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Pb + H 2 S0 4 + 1/20 2 PbS0 4 + H z O 

[0045] In this manner, PbS0 4 (lead sulfate) Is generated at both positive and negative poles due to the discharge. 

s When charging, PbS0 4 is restored to Pb0 2 which is the active material of the positive pole or Pb which is the active 
material of the negative pole. Now, it is assumed that the SOC is set to a low value, and that regenerative charge or 
charge and discharge are repeated at a large current density. The charge and discharge reactions are concentrated 
around the grids, and on the surfaces, of the positive and negative pole plates. When charging, PbS0 4 fails to be 
restored to the active material, so that PbS0 4 remains and accumulates on the surfaces of the plates and the like. 

to Such PbS0 4 is unevenly distributed on the plates. If the lead battery is left inactive for a long time, the PbS0 4 will have 
a large size of crystal structure. Such PbS0 4 is unlikely to be restored to Pb0 2 or Pb (active materials) when charging. 
[0046] In the example of the present invention, however, when the lead battery was not charged and discharged in 
two weeks or more, for example, refresh charge is performed so that the SOC is substantially fully charged. Therefore, 
the unevenly distributed PbS0 4 is restored to Pb0 2 or Pb (active materials), so that the PbS0 4 can be prevented from 

15 growing into a large crystal structure. The prevention of the PbS0 4 crystal structure accumulation contributes to 
achievement of the long life of the lead battery. 

[0047] When refresh charge which causes the SOC to be about 90% or more is frequently performed, the amount 
of time available for regenerative charge is reduced. Further, the number of times of deep discharge and charge of the 
lead battery is increased. This likely leads to degradation of the active material of the positive and negative poles. 

20 Therefore, refresh charge is preferably performed in short cycles such as once a week or once a month. 

[0048] Figure 5 is a graph of an experimental result showing a relationship between the capacity of a lead battery 
and the frequency of charge and discharge when the cycle of refresh charge is varied. In the experiment, the lead 
battery was a seal type battery having a voltage of 12 V and a capacity of 30 Ah/5HR. The lead battery was charged 
and discharged at a temperature of 50°C. The charging condition was 60 A x 15 sec while the discharging condition 

25 was 30 A x 25 sec. Refresh charge was performed by constant-voltage charge of 15 V (maximum current was 60 A) 
for one hour. 

[0049] As is apparent from the graph of Figure 5, the shorter the cycle of refresh charge, the longer the life of the 
lead battery. 

[0050] When the cycle of refresh charge is short, refresh charge may be performed where the upper limit of the SOC 

30 is set to about 90%, for example. When the cycle of refresh charge is long, refresh charge may be performed where 
the SOC reaches about 90% or more, for example. The short cycle of refresh charge can lead to prevention of degra- 
dation of the active materials, even if the lead battery is not charged up to the SOC of about 90% or more. 
[0051] Refresh charge may be performed In the following manner. At an initial period, constant-voltage charge Is 
performed. The voltage of the lead battery is thus increased to reach a predetermined value. In this case, a charging 

35 current is towered to a predetermined value or less. Thereafter, constant current charge is performed for a predeter- 
mined time. Alternatively, after a voltage reaches the predetermined value, constant-voltage charge using a higher 
control voltage may be performed. Thereby, refresh charge can be completed in a shorter time. 
[0052] Table 1 shows a time required for the SOC of a lead battery to be about 90% or more under the following 
conditions. The lead battery is a seal type battery having a voltage of 12 V and a capacity of 30 Ah/5HR. For the lead 

40 battery, refresh charge is performed at a temperature of 40°C. In the refresh charge, constant-voltage charge using a 
charging voltage of 15 V (maximum current Is 50 A) is performed and thereafter constant current charge using a 
charging current of 6 A is performed. In this case, the SOC of the lead battery before the refresh charge is 60%. For 
comparison, another time required for the SOC of a lead battery to be about 90% or more is also shown where refresh 
charge is performed only by constant-voltage charge using a charging voltage of 1 5 V (maximum current is 50 A). As 

45 is apparent from Table 1 , a combination of constant-voltage charge and constant current charge can lead to a reduction 
In the time required for the SOC to be about 1 00%. 



Table 1 



50 


Method of Refresh charge 
(40°C) 


Time required for charge 
up to SOC 90% 


Time required for charge 
up to SOC 95% 


Time required for charge 
up to SOC 100% 




15V constant voltage, 
Max 50 A +6 A constant 
current 


11.5 min 


17.0 min 


29.0 min 


55 


15V constant voltage, 
Max50A 


11.5 min 


19.0 min 


65.0 min 
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[0053] When the inactive time of the lead battery before starting an engine is five minutes or more and less than two 
weeks (step S8), the SOC is calculated based on the OCV measured in step S3 (step S9). 

[0054] Figure 6 is a graph showing SOC - OCV characteristics of a seal type lead battery having a voltage of 12 V 
and a capacity of 30 Ah/5HR. As is apparent from the graph, SOC Is substantially proportional to OCV. Therefore, in 
5 accordance with such a proportional relationship, the SOC of the lead battery can be calculated based on the measured 
OCV thereof. 

[0055] When the inactive time of the lead battery before starting an engine is less than five minutes, the OCV is 
considered to be unstable. In this case, the SOC of the lead battery is assumed to be a value before starting the engine 
(step S1 0). The OCV of the lead battery Is determined by the sulfuric acid concentration of the electrolyte solution in 

10 the lead battery. When the lead battery is being charged and discharged, a sulfuric acid concentration gradient is 
formed between the insides of positive and negative pole plates, and the surfaces thereof and separators adjacent to 
the surfaces. The OCV is unstable until the sulfuric acid concentration gradient Is dispelled due to diffusion of sulfuric 
acid. Therefore, the stability of the OCV is determined by the diffusion rate of sulfuric acid in the electrolyte solution. 
[0056] Figure 7 is a graph showing a time required for the OCV of a lead battery to become stable after the battery 

15 is charged and discharged for 30 sec using a current of 50 A where the lead battery is a seal type battery having a 
voltage of 12 V and a capacity of 30 Ah/5HR. The OCV normally becomes substantially stable after having been left 
uncharged and undischarged for about 200 sec. However, In a low temperature range of 0°C or less, since the viscosity 
of an electrolyte solution is rapidly increased, it takes five minutes or more for the OCV to become stable. Therefore, 
when the inactive time of the lead battery before starting an engine is less than five minutes, the SOC of the lead 

so battery before starting the engine is adopted without calculating the SOC based on the unstable OCV. 

[0057] Whether the calculated SOC of the lead battery is 50% or more is determined (step S11 ). When the SOC is 
less than 50%, refresh charge is performed (step S7). 

[0058] When the SOC is less than 50%, the sulfuric acid concentration of the electrolyte solution is lowered. In such 
a low concentration range, the corrosion rate of a positive pole grid made of lead alloy is suddenly increased. Figure 
25 8 Is a graph showing a relationship between the SOC and the corrosion rate of the positive pole grid made of lead 
alloy. When the SOC is decreased to less than 50%, the sulfuric acid concentration is about 15% or less. When the 
lead battery is charged and discharged in such a situation, the corrosion rate of the positive pole grid made of lead 
alloy is rapidly increased. The increased corrosion rate of the positive pole grid leads to a reduction in the life of the 
lead battery. 

30 [0059] Therefore, when the SOC is less than 50%, refresh charge is performed so that the SOC becomes about 
100%. This prevents the lead battery from being charged and discharged when the sulfuric acid concentration of an 
electrolyte solution is lowered. Thereby, the life of the lead battery is increased. 

[0060] In contrast, when the SOC is 50% or more, the lead battery is charged and discharged in such a normal 
manner that a control voltage of about 12 V to 13.5 V is applied to the lead battery in order to cause the SOC to be 
35 about 60% (step S12). 

[0061] Thereafter, whether two weeks or more have elapsed after refresh charge is determined (step S13). When 
two weeks or more have elapsed after refresh charge, refresh charge is newly performed (step S7). By performing 
refresh discharge in a cycle of about two weeks, the life of a lead battery is increased. 

[0062] Further, when a regenerative current is generated in driving (step S14), regenerative charge is performed 

40 using a charge control voltage of about 14 V to 16 V (steps S15 and S16). 

[0063] In a case where an engine is stopped (Idle-stop state) while an electric system still works when a vehicle waits 
at a traffic light, for example, (step S1 7), a discharging current, a battery voltage (discharging voltage) in this discharge, 
and the temperature of a lead battery are checked. In the idle stop, if discharge Is not performed, the OCV and the 
temperature of the lead battery are checked (step S1 8). When the battery temperature is less than 0°C, refresh charge 

^5 is performed (step S7). When the battery temperature is 0°C or more (step S1 9), the SOC is calculated based on the 
discharging current, the battery voltage, or the OCV (step S20). When the OCV is used to calculate the SOC, It is 
necessary to use the value of the OCV which becomes stable after the lead battery has been discharged for a prede- 
termined time or more. 

[0064] Figure 9 is a graph showing an exemplary relationship between a SOC, and a discharging current and a 
so discharging voltage or an OCV. The SOC and the discharging current and voltage have a substantially constant rela- 
tionship. The SOC and the OCV also have a substantially constant relationship. Therefore, the SOC can be determined 
based on the discharging current, the discharging voltage, or the OCV. 

[0065] As described above, in the idle-stop state where the engine is stopped, the SOC is calculated. When the SOC 
is less than 50%, refresh charge is performed (step S20). 
55 [0066] In the method for charging a lead battery according to the example of the present invention, the SOC is 
calculated based on the OCV before using the lead battery, and refresh charge is performed based on the SOC for 
the purpose of increasing the life of the lead battery. Therefore, the SOC of the lead battery can be determined with 
high precision. When the SOC is lowered to a predetermined value or less, refresh charge is performed, thereby 
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preventing lead sulfate from being accumulated on the surfaces of pole plates. Therefore, the lead battery can be 
stably used for a long time. Further, when the lead battery is not charged and discharged for a predetermined time and 
when the temperature of the lead battery is lowered to a predetermined temperature or less, refresh charge is performed 
similarly, thereby increasing the life of the lead battery. 
5 [0067] Further, by performing such refresh charge in cycles, lead sulfate is periodically removed from the surfaces 
of pole plates. This also contributes to an increase in the life of the lead battery. 

[0068] Even in the idle-stop state where an engine is stopped, the SOC is accurately calculated. Therefore, it is 
possible to reliably determine, based on the SOC, whether refresh charge is required. 

[0069] Figure 1 0 is a graph showing SOC - OCV characteristics of a seal type lead battery having a voltage of 1 2 V 
w and a capacity of 30 Ah/5HR. As is apparent from Figure 10, the SOC of the lead battery linearly increases with an 
increase in the OCV. In other words, the SOC is substantially proportional to the OCV. 

[0070] In a method for determining the life of a battery according to the present invention, such a relationship between 
the OCV and the SOC is utilized. 

[0071] Figure 1 1 Is a flowchart showing an exemplary method for determining the life of a battery according to the 
is present invention. The flowchart of Figure 1 1 shows a life determination method for a lead battery carried on a vehicle. 
The life determination method is performed every time the lead battery is refresh-charged, for example. 
[0072] Refresh charge is performed so that the SOC becomes about 100% (full charge). For example, for a 12-V 
lead battery, a charge control voltage is set to a high voltage, i.e., about 14 V to 16 V. Refresh charge is performed in 
predetermined time cycles and also when the SOC is less than 60% or more. The SOC of the lead battery is calculated 
20 based on the measured OCV thereof when an engine is stopped and the lead battery is not charged and discharged 
(e.g., an idle-stop state). 

[0073] When the SOC of the lead battery is less than 50%, the sulfuric acid concentration of an electrolyte solution 
is lowered to about 1 6% or less. In this situation, when the lead battery is charged and discharged, the corrosion rate 
of a positive pole grid made of lead alloy is rapidly increased, thereby decreasing the life of the lead battery. 
25 [0074] Therefore, when the SOC Is less than 50%, refresh charge is performed In an attempt to cause the SOC to 
be about 100%. In this manner, the SOC is caused to be 50% or more, so that the lead battery is not charged and 
discharged when the sulfuric acid concentration of an electrolyte solution is lowered. Thereby, the life of the lead battery 
can be increased. 

[0075] in the life determination method of the present invention, when completion of refresh charge is detected after 
30 refresh charge is initiated in an attempt to obtain a SOC of 1 00% (step S21 in Figure 11), the lead battery begins to 
be charged and discharged (step S22). In this case, the quantities of charging and discharging currents are reset and 
then newly integrated by a current sensor to calculate the quantity of charged and discharged electricity (step S23). 
[0076] Thereafter, for example, when an engine is stopped (idle-stop state) and charge and discharge are also 
stopped, the stop of charge and discharge is detected (step S24). The SOC of the lead battery at the time of the stop 
35 of charge and discharge is calculated based on the integral of the quantity of a current which has been discharged. 
The calculated SOC is called SOC1 (step S23). 

[0077] For example, it is assumed that the quantity of electricity actually charged and discharged is ASOC. If refresh 
charge is performed so that the SOC becomes 100%, the resultant SOC is presumed to be 100%. The SOC1 at the 
time of completion of charge and discharge is calculated by: 



[0078] When charge and discharge are ended, the OCV of the lead battery is measured. Based on the measured 
45 OCV, the SOC is calculated. The calculated SOC is called SOC2 (step S25). 

[0079] After SOC2 is calculated based on the OCV, the difference (SOC3) between SOC1 and SOC2 is calculated 
(step S26). SOC3 is compared with a predetermined value K (step S27). When SOC3 is greater than or equal to the 
predetermined value K, the life of a lead battery is determined to be expired (step S28). 

[0080] In a lead battery, even If refresh charge Is performed In an attempt to obtain the SOC of 100%, the actual 
so SOC does not reach 1 00% due to degradation with use, i.e. , the SOC is eventually less than 1 00%. The SOC obtained 
by refresh charge is lowered with an increase In degradation of the lead battery. When the life of the lead battery Is 
expired, even refresh charge causes the SOC to be about 60% at most. 

[0081] At an initial state of a lead battery, which there is no degradation, refresh charge can cause the SOC to be 
about 1 00%. Referring to Figure 10, when A SOC corresponding to the quantity of charged and discharged electricity 
55 is 20% after completion of charge and discharge, SOC1 is 80% in accordance with formula (1) after completion of 
charge. In this case, since the lead battery is effectively charged up to about 100%, SOC2 which is calculated based 
on the OCV after charge is also 80%. Thus, in the case of the initial state where the lead battery is not degraded, there 
is substantially no difference between SOC1, which is calculated based on the quantity of actually charged and dis- 



40 



SOC1 = 100 - ASOC 



(1). 
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charged electricity, and SOC2 which Is calculated based on the OCV when the charging rate is small. 
[0082] In contrast, when the degradation of the lead battery has proceeded and the life of the lead battery has 
substantially expired, even if refresh charge is performed in an attempt to obtain the SOC of 100%, the actual SOC 
becomes about 60% at most. In such a situation, when the lead battery Is charged and discharged so that A SOC 

5 corresponding to an decrease in SOC based on the quantity of actually charged and discharged electricity is 20%, 
SOC1 is 80% in accordance with formula (1 ), similar to the case of the initial stale of the lead battery. 
[0083] In contrast, the actual SOC of the lead battery after refresh charge is only about 60%. Therefore, SOC2 which 
is calculated based on the OCV after charge and discharge is 40% which is obtained by the SOC of 60% being reduced 
by 20% corresponding to the quantity of actually charged and discharged electricity. 

io [0084] As described above, for a lead battery whose life is expired, while SOC1 calculated based on the quantity of 
actually charged and discharged electricity is 80%, actual SOC2 calculated based on the OCV after charge and dis- 
charge is 40%. The difference SOC3 (= SOC1 - SOC2) is 40%. Therefore, it can be determined that the life of the lead 
battery is expired. 

[0085] A certain value of SOC3 Is used to determine whether the life of a lead battery is expired. For example, such 
is a value is set to about 35%. If SOC3 is greater than or equal to 35%, it is determined that the life of a lead battery is 
expired. 

[0086] As described above, the SOC of a lead battery at the time of completion of charge and discharge is calculated 
based on the OCV. Alternatively, the SOC may be calculated based on a discharging voltage when a discharging 
current is a predetermined value or less, for example, when an engine is stopped (idle-stop state) and charge and 
20 discharge are stopped. The SOC and the discharging voltage when a discharging current Is a predetermined value 
has a substantially proportional relationship, similar to the case of OCV and SOC. 

[0087] Further, as described above, in the life determination method of the present invention, the SOC calculated 
based on the OCV or a discharging voltage is used. Alternatively, the SOC may be calculated based on a DC-IR value, 
and based on the SOC, the life of the lead battery may be determined. The DC-IR value is a resistance value obtained 

25 based on a relationship between a discharging voltage and a discharging current 

[0088] Figure 12 is a graph showing a relationship between the DC-IR value of a lead battery (12V, battery capacity 
is 30 Ah/5HR), and the SOC. As is apparent from Figure 12, in a control range (50% to 1 00%), the SOC is decreased 
substantially linearly with an increase in the DC-IR value. The SOC and the DC-IR value have a reverse-proportional 
relationship. In the initial state where the lead battery is not degraded, the DC-IR value is as small as about 5 mil 

30 (25'C) In the SOC range of 50% to 100%. Thereafter, due to a reduction In the amount of an electrolyte solution, 
corrosion of a positive pole grid, a reduction in the sulfuric acid concentration of the electrolyte solution, or the like, the 
DC-IR value is increased. When the life of the lead battery is expired, the DC-IR value is increased up to about 15 mQ. 
[0089] Therefore, the DC-IR value, In the initial state where the lead battery Is not degraded, is calculated In advance. 
When the DC-IR value becomes three times or more the initial DC-IR value, it is determined that the life of the lead 

35 battery is expired. The DC-IR value varies depending on temperature. Therefore, if temperature is corrected, it can be 
more accurately determined whether the life of the lead battery is expired. 

[0090] Figure 13 is a flowchart showing an exemplary method for charging a lead battery according to the present 
Invention In which the SOC of the lead battery is detected. In accordance with the method shown in the flowchart of 
Figure 1 3, a lead battery earned on a vehicle is charged. In order to keep the lead battery capable of being regeneratively 

40 charged when driving, the lead battery is supplementary charged after starting an engine (step S29 in Figure 13) so 
that the SOC of the lead battery is about 60% (partial charge) (step S33). To obtain such a SOC, a 12-V lead battery 
is subjected to constant-voltage charge using a control voltage of 12 V to 13.5 V, for example. 
[0091] During the supplemental charge, discharge is irregularly performed to provide powerto an auxiliary machine 
for the engine, an air conditioner, or the like of a running vehicle. The states of such loads vary depending on the state 

45 of the running vehicle. The SOC of the lead battery varies over time. Therefore, the SOC needs to be detected, at 
least, at predetermined time intervals. 

[0092] The SOC is calculated based on the OCV (step S30) which has been measured in step S35. If the SOC is 
50% or more (step S31), the above-described supplemental charge is performed (step S33). However, if the SOC is 
less than 50% (step S31 ), refresh charge is performed (step S32). 
so [0093] Refresh charge is performed for the purpose of increasing the life of a lead battery when used in a partial 
charge state. For example, a 12-V lead battery is subjected to constant-voltage charge using a voltage of 13.5 V to 
1 6.5 V which is higher than a voltage used in the supplemental charge in step S33. 

[0094] The SOC is detected, when the lead battery is not charged and discharged in an idle-stop state or the like 
(step S34), by measuring the OCV (step S35). 
55 [0095] Figure 14 is a graph showing an exemplary relationship between an OCV and a SOC. The SOC and the OCV 
have a substantially linear relationship. Therefore, the SOC can be calculated based on the OCV. The SOC Is linearly 
increased with an increase in the OCV. A ratio of a variation in the OCV to a variation in the SOC, i.e., a gradient K, 
(Figure 14) is a predetermined constant. 
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[0096] When the SOC is calculated based on the OCV, the SOC Is corrected. Figure 15 is a flowchart showing an 
exemplary method for correcting the SOC. 

[0097] For example, when a vehicle carrying a lead battery stops running and an engine is temporarily stopped (idle- 
stop state), the OCV of the lead battery is measured where the lead battery is not charged and discharged (step S3B 
5 in Figure 1 5). The measured OCV is called OCV1 . 

[0098] After OCV1 has been measured, the lead battery begins to be charged and discharged (step S39). This 
charge and discharge corresponds to the supplemental charge in step S33 of Figure 13. 

[0099] In this case, a current sensor for detecting the quantity of charging and discharging currents is reset (step 
S40). The quantity of charged and discharged electricity is newly integrated. This quantity of charged and discharged 
w electricity is divided by the initial capacity of the lead battery to calculate a variation in the SOC, i.e., ASOC (step S41 ) . 
[0100] Thereafter, the OCV of the lead battery at the time of the end of charge and discharge is measured (step 
S43). The measured OCV is called OCV2. 

[0101] After OCV2 has been measured, the difference between OCV1 measured before the start of charge and 
discharge and OCV2 measured at the time of the end of charge and discharge is calculated (step S44). The ratio of a 
*5 variation in the OCV to a variation in the SOC (ASOC) is obtained by dividing the variation in the OCV by the variation 
in the SOC (step S44). The ratio is represented by gradient K. 

[0102] As shown in Figure 14, the OCV and SOC of the lead battery have a linear relationship. The gradient K and 
Y intercept (the OCV value corresponding to the SOC of 0%) of the relationship are initially set to predetermined values. 
When the gradient K is calculated in step S44, the calculated gradient K is newly set (step S45). Thereafter, the SOC 

20 is calculated based on the relationship represented by the newly set K. 

[01 03] Figure 16 is a graph showing variations in the relationship between the OCV and the SOC due to degradation 
of a lead battery. For an Initial relationship between the OCV and the SOC of the lead battery, the gradient K is small. 
The gradient K (K1 in Figure 16) of a 12-V lead battery is about 0.014. In contrast, when the lead battery is degraded 
due to use, the gradient K (K2 in Figure 16) representing the relationship between the OCV and the SOC is increased 

25 to about 0.01 6. When the life of the lead battery is expired, the gradient K (K3 in Figure 16) Is as much as about 0.01 8. 
[0104] As described above, the gradient K representing the relationship between the OCV and the SOC of the lead 
battery is changed due to degradation with use of the lead battery. In accordance with the method for detecting the 
SOC of the present invention, the gradient K is appropriately calculated and updated, so that the SOC is accurately 
obtained from the OCV. When such a SOC detecting method is applied to the charging and discharging method of 

30 Figure 1 3, the SOC can be controlled In such a manner that the SOC falls within an appropriate range. 

[0105] Further, based on the above-described gradient K, the degree of degradation of the lead battery can be de- 
termined. In the above-described example, the gradient K3 is 0.018 at the time when the life of the 12-V lead battery 
is expired. Therefore, if a means Is provided to notice a user of the lead battery that the lead battery is close to the life 
expiration before the gradient K reaches 0.01 8, e.g., at the time when the gradient K reaches 0.01 7, the user can know 

35 that fact, and replace the lead battery. 

[0106] Alternatively, instead of the OCV, the SOC may be calculated based on a discharging voltage when a driving 
current is less than or equal to a predetermined driving current In this case, the SOC is calculated based on the 
discharging voltage of the lead battery at a predetermined time after the start of discharge in accordance with a rela- 
tionship between the SOC and the discharging voltages corresponding to predetermined discharging currents. A cor- 

40 rected gradient K is calculated by dividing a variation in the discharging voltage by a variation in the SOC (A SOC). 
Therefore, in a manner similar to that described above, a corrected SOC is accurately obtained. 
[0107] To obtain an accurate SOC, the SOC is preferably calculated based on a discharging voltage when a dis- 
charging current is less than or equal to 2 CA with respect to a battery capacity. This is because if the discharging 
current exceeds 2 CA, the gradient K is not constant, particularly when the SOC is less than 40%, so that the linear 

45 relationship between the discharging voltage and the SOC is impaired. 

[0108] According to the battery charging method of the present invention, when degradation of a lead battery Is 
predicted, refresh charge is performed so that the SOC becomes about 90% or more. Therefore, the degradation of 
the lead battery is prevented, thereby making it possible to use the lead battery stably for a long time. 
[0109] Further, based on the SOC or the DC-IR value after charge, whether the life of the lead battery is expired is 

so accurately determined. Therefore, it is possible to avoid the situation where the lead battery is unexpectedly inoperable. 
[0110] Furthermore, It Is possible to appropriately correct the relationship between an OCV and an SOC or the re- 
lationship between a discharging voltage and an SOC which is varied due to degradation with use of the lead battery. 
Therefore, an accurate SOC can be obtained without an influence due to a progression of degradation of the lead 
battery. Therefore, the battery charging method of the present invention Is preferable for the control of SOC. Moreover, 

55 a gradient K representing the degradation state of the lead battery is calculated. The degradation state of the lead 
battery can be determined based on the gradient K. 

[0111] Various other modifications will be apparent to and can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims appended 
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hereto be limited to the description as set forth herein, but rather that the claims be broadly construed. 
Claims 

1 . A method for charging a lead battery, wherein: 



a SOC is controlled so as to be less than 1 00%; and 

when the lead battery has not been charged and discharged for a predetermined time, refresh charge is per- 
10 formed so that the SOC becomes at least 90% or more. 

2. A method for charging a lead battery, wherein: 

a SOC is controlled so as to be less than 100%; and 
15 every time the lead battery is charged and discharged in predetermined time intervals, refresh charge is per- 

formed so that the SOC becomes at least 90% or more. 

3. A method for charging a lead battery, wherein: 

20 a SOC is controlled so as to be less than 1 00%; and 

when the SOC is lowered below a predetermined value, refresh charge is performed so that the SOC becomes 
at least 90% or more. 



4. A method for charging a lead battery, wherein: 

a SOC is controlled so as to be less than 100%; and 

when a temperature of the lead battery is less than or equal to a predetermined value, refresh charge is 
performed so that the SOC becomes at least 90% or more. 

30 5. A method according to any one of claims 1 through 4, wherein 

in the refresh charge, after a charging current is lowered to a predetermined value even though the lead 
battery is subjected to constant-voltage charge using a predetermined control voltage, constant-current charge is 
performed, or constant-voltage charge is performed using a control voltage higher the predetermined control volt- 
age. 

35 

6. A method according to claim 2, wherein a set value of the SOC, after the refresh charge, is increased with an 
increase in a cycle of the refresh charge. 

7. A method according to any one of claims 1 through 4, wherein the SOC is calculated based on an OCV of the lead 
40 battery immediately before the start of charge and discharge of the lead battery 

8. A method according to any one of claims 1 through 4, wherein the SOC is calculated based on an OCV of the lead 
battery when charge and discharge are paused, or based on a discharging current and a discharging voltage. 

45 9. A method for determining the life of a battery, wherein 

the battery is subjected to refresh charge, a SOC of the battery after the refresh charge is presumed to be 
100%, charge and discharge are performed, and 

a SOC{1) of the battery after the charge and discharge, the SOC(1) being obtained based on a quantity of 
so charged, and a SOC(2) obtained based on a discharging voltage in discharge are compared with each other, 

and the life of the battery is determined based on a difference between the SOC(1 ) and the SOC(2). 

10. A method for determining the life of a battery, wherein a first DC-IR value is obtained with respect to a SOC of the 
battery In an Initial state where the battery Is not degraded, based on charging and discharging currents and a 
55 battery voltage, and 

the first DC-IR value Is compared with a second DC-IR value of the battery In the initial state obtained in 
advance, and the life of the battery is determined based on a difference between the first and second DC-IR values. 
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1 1 . A method for detecting a SOC of a lead battery, wherein 

an OCV of the lead battery or a discharging voltage of the lead battery when a discharging current is less than 
or equal to a predetermined value Is measured, and the SOC of the lead battery is detected based on a 
relationship between a predetermined OCV and the SOC or a relationship between the discharging voltage 
and the SOC, and 

when the SOC is calculated, a variation in the OCV or a variation in the discharging voltage and a variation 
in the SOC are measured with respect to a predetermined time, and the relationship between the predeter- 
mined OCV and the SOC or the relationship between the discharging voltage and the SOC is corrected. 

12. A method according to claim 11 , wherein the variation in the SOC is obtained based on a quantity of charged and 
discharged electricity obtained by integrating charging and discharging currents in the predetermined time. 

13. A method for determining degradation of a lead battery using a method for detecting a SOC of a lead battery 
according to claim 11 or 12, wherein the degradation of the lead battery is determined based on a corrected rela- 
tionship between an OCV of the lead battery and the SOC or a corrected relationship between a discharging 
voltage and the SOC. 

14. A method according to claim 13, wherein a ratio of a variation in the OCV or a variation in the discharging voltage 
to a variation in the SOC is calculated, and the degradation of the lead battery Is determined based on the ratio. 

15. A method according to claim 14, wherein a value (K) is calculated by dividing the variation in the OCV or the 
variation in the discharging voltage by the variation in the SOC, and when the value (K) is greater than or equal 
to a predetermined value, it is determined that the lead battery is degraded. 
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FIG. 3 
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FIG. 6 
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FIG. 8 
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FIG. 9 
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FIG. 12 
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FIG. 13 
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FIG. 1 4 
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